Biodiversity loss is a global problem and island species/populations are particularly 20 vulnerable to such loss. Low genetic diversity is one of the factors that can lead a population 21 to extinction. Loss of bee populations is of particular concern because of the knock-on 22 consequences for the pollination guilds that the lost bees once serviced. Here we evaluate the 23 genetic structure of the bumble bee Bombus morio populations on the mainland of South East 24 Brazil and on nearby islands. We analyzed a total of 659 individuals from 24 populations by 25 sequencing two mitochondrial genes (COI and Cytb) and using 14 microsatellite loci. Levels 26 of diversity were high in most of populations and were similar on islands and the mainland.
Introduction 35
Islands often play important roles as natural laboratories for the study of ecology and 36 evolution (MacArthur & Wilson 1967; Mayr 1967; Franks 2010) . For example, the We visited 11 islands and found B. morio on all of them except Ilha Monte de Trigo. When a 159 bee was collected <5 km away from another bee in the collection, we determined if the two 160 bees could possibly have come from the same colony or a different colony. If COLONY 161 indicated that the two specimens could be sisters, and the two bees shared the same mtDNA 162 haplotype we discarded one of the pair from all subsequent analyses. Overall, from the 704 163 bees sampled, we used 659 for population analyses (Table 1) .
165
MtDNA diversity 166 Typically, we obtained 392 bp of sequence from the COI gene (GenBank accession numbers 167 KM505163-KM505866) and identified 33 haplotypes. We generated 403 bp of sequence from 168 the Cytb gene had (KM505867-KM506570) and detecting 53 haplotypes. We used the 169 concatenated sequences (795 bp) for all population analyses. All 659 sequences from the 24 170 populations generated 100 haplotypes (Table S2 ). The number of haplotypes per population 171 ranged from 1 (Ilha da Vitória) to 23 (Angra dos Reis) (Table 1) . Since h and π are correlated 172 (r = 0.881, P < 0.001, n = 24) we hereafter use π as our measure of mtDNA diversity. High 173 mtDNA diversity was found in all populations but Ilha da Vitória and Teodoro Sampaio 174 (Table 1) . 175 For mainland populations, mtDNA diversity was not significantly correlated with 176 sampling area (r = -0.074, P = 0.731, n = 14) or median elevation (r = -0.034, P = 0.876, n = 177 14). For island populations, mtDNA diversity was not significantly correlated to island area (r 178 = 0.475, P = 0.166, n = 10), but it was negatively correlated to the distance from the mainland 179 (r = -0.748, P = 0.013, n = 10). After the Sequential Goodness of Fit correction, locus BT01 showed significant deviation 183 9 from HWE in Ilha de São Sebastião (P = 0.004) and Prudentópolis (P = 0.005). Loci BM9 184 and BM17 showed deviation from HWE in Apiaí (P = 0.007) and Ilha Comprida (P = 0.001), 185 respectively. Since those were occasional instances, no locus was removed from analyses. No 186 significant LD was found between any pair of loci (all P > 0.05).
187
The number of alleles per locus ranged from four to 26, with an average of 14.1 ± 1.6 188 (Table S3 ). Mean H E was 0.75 ± 0.04. Ar was standardized for 5 individuals and ranged from 189 3.3 (Ilha da Vitória) to 4.9 (Ilha Anchieta) ( Ilha da Vitória and Teodoro Sampaio (U = 86, P = 0.0581), but it was between these two 192 populations and the others (U < 47, P < 0.05). Ar and H E were positively correlated (r = 193 0.936, P < 0.001) and Ar will be used as indicative of microsatellite diversity hereafter.
194
As observed for mtDNA data, microsatellite diversity of mainland populations was not 195 significantly correlated with sampling area (r = -0.171, P = 0.424, n = 14) or median elevation 196 (r = -0.031, P = 0.884, n = 14). Microsatellite diversity of island populations was not 197 significantly correlated to island area (r = 0.284, P = 0.427, n = 10), but it was negatively 198 correlated to the distance from the mainland (r = -0.885, P = 0.001, n = 10).
199
Nine populations had F IS significantly greater than zero (P < 0.05); five from the 
Diversity between mainland and islands 205
Populations were grouped according to their location: mainland or islands (Table 1) . MtDNA 206 diversity was higher in populations from the mainland (0.0435  0.0263) than populations 207 from the islands (0.0370  0.0236). Ar was standardized for 260 individuals and populations 208 10 from the mainland showed high diversity (12.65), followed by islands (11.71). Mann-Whitney 209 two-tail U Test showed no significant differences among Ar values (U = 105, P = 0.748).
211
MtDNA differentiation 212 Fourty seven of the100 concatonated haplotypes were shared by two or more populations. 213 We built a haplotype network where the frequency and distribution of haplotypes are shown 214 ( Figure S1 ). The network features a high number of interrelationships among the haplotypes 215 and that a striking number of nucleotide substitutions separate the Teodoro Sampaio 216 population from the others.
217
Global D est was 0.344 (P < 0.001). The highest differentiation based on K2p was 218 between the Teodoro Sampaio population relative to all other populations (2.106% to 219 2.512%) ( Table 2) . Teresópolis also showed substantial divergence from other populations.
220
Mostly, however, populations were poorly differentiated. Mantel tests showed a significant 221 positive correlation between geographic and K2p distances (r = 0.259, P = 0.046, n = 276).
223
Microsatellite differentiation 224 Global D est was low (0.071, P < 0.001). Pairwise comparisons also detected low population 225 structure, since most of D est values were low (Table 3) . Highest values were detected between 226 the Teodoro Sampaio and Ilha da Vitória populations relative to all other populations (0.218 227 to 0.385). Pairwise D est was not significantly correlated with geographic distances (r = 0.210, 228 P = 0.070, n = 276). The spatial cluster approach used by BAPS determined K = 2 as the most 229 likely optimal number of clusters (probability of 99.99%) ( Figure 1 ). The genetic diversity of B. morio populations is similar on mainland and island sites.
234
Furthermore, genetic diversity is not significantly correlated with island area, although it is 235 lower in populations from islands that are more distant from the mainlad. It is noteworthy that 236 B. morio shows limited genetic divergence between island and mainland populations and 237 among most of the mainland sampling sites. We suggest that the dispersal ability of B. morio 238 combined with its capacity to live in urban environments, and the characteristics of the 239 studied islands explain the genetic structure of the Brazilian populations.
240
The dispersal of B. morio is intimately related to its nesting and reproductive behavior.
241
Colony reproduction in Bombus begins when a young queen leaves the mother nest alone and 242 is fertilized by a male. Males and queens may have multiple partners, though this is rare for 243 queens (Garófalo et al. 1986; Estoup et al. 1995) . The mated queen begins to look for a 244 suitable place to build the new nest. Once a nest site is found, the queen starts oviposition and 245 performs all activities, such as foraging, cell provisioning and feeding the larvae (Garófalo 246 1979). When workers emerge, labor division is set (Michener 2007) and the queen never 247 leaves the nest again (Laroca 1976) . The lack of dependence on the mother nest means that 248 daughter colonies can be established a considerable distance from the natal nest. In Europe, 249 Bombus queens have been observed several kilometers off shore over water (Macfarlane & 250 Gurr 1995; Widmer et al. 1998; Darvill et al. 2010) . In New Zealand, queens of B. terrestris 251 colonized islands up to 30 km from the mainland (Macfarlane & Gurr 1995) . 252 Our data suggest that both female and male B. morio have high dispersal abilities, 253 although males have higher. Some population structure and isolation by distance were 254 detected in the mitochondrial analyses, but our microsatellite data showed negligible genetic 
275
The failure in collecting B. morio on Ilha Monte de Trigo may be due to any of the 276 following: insufficient collection effort, ancestral absence from the island when it was 277 isolated, or its extinction after isolation. Our collection effort was eight hours, so it is not 278 possible to assert that the species does not occur on this island, although this amount of time 279 was sufficient to find B. morio on all other islands. Its distance from the mainland, 10.2 km, 280 may prevent queen (re)colonization. Nonetheless, B. morio is present on Ilha da Vitória, a 281 more distant island (38 km from the mainland and 11 km from the nearest island). We only 282 found five bees on Ilha da Vitória and its population showed low genetic diversity, suggesting 
296
For both markers, the island populations and its nearby mainland populations are 297 undifferentiated, most likely because of frequent migration. For example, the Ilha da Vitória 298 population is not differentiated from Ilha de Búzios, the nearest island, with respect to 299 mitochondrial haplotypes. The single haplotype found on Ilha da Vitória (H3) is the most 300 common on Ilha de Búzios, and is also found on all other populations studied, except Teodoro 301 Sampaio. Although it is possible that this haplotype is a relict of the ancestral population 302 formed at the time of isolation, it is more likely that it is a result of a more recent colonization 303 by queens from Ilha de Búzios.
304
Inbreeding is not a current concern for the island populations we studied. Although F IS 305 was significantly different from zero on three island populations, F IS was high only on Ilha 306 Comprida. However, this population has high genetic diversity and is not genetically isolated, 307 so the high F IS is likely to be eroded with time. Acknowledgments 326 We are grateful to Paulo Henrique P. Gonçalves for his help with the sampling and to Susy 
